The genetic polymorphism and intracellular activity of methylenetetrahydrofolate reductase (MTHFR) and thymidylate synthase (TS) is clinically associated with carcinogenesis and biological therapeutic effect in gastrointestinal malignancies. We aimed to elucidate the susceptibility of gastric cancer according to MTHFR and TS gene polymorphism. Methods: This study was designed as a hospital-based case-control study in a single institute. The gastric cancer group (n=300) for the study was diagnosed at first time as tubular adenocarcinoma, and the control group (n=100) was diagnosed as no malignancy in the endoscopic biopsy. The genetic polymorphism of TS and MTHFR were confirmed by PCR. Results: The MTHFR mutant type had a more than 2-fold increased risk of developing gastric cancer (RR: 2.341). But, only heterozygote type (677CT) revealed significantly higher susceptibility compared to wild type (RR: 2.581). In TS gene genotype, the mutant genotype rate (2R/3R and 3R/3R) was significantly higher in gastric cancer group compared to control group (P=0.008), and the mutant type had a more than 3-fold increased risk of developing gastric cancer (RR: 3.222). In combined MTHFR and TS, 677CT＋2R/3R and 677CT＋3R/3R there was more than a 3-fold increased risk rate of developing gastric cancer compared with other combinations (RR, 3.474 in 677CT with 2R/3R; RR, 3.895 in 677CT with 3R/3R). Conclusion: This study shows a significant association between the MTHFR and TS polymorphisms and susceptibility to gastric cancer, providing a genetic basis. The polymorphisms study of two genes could be applied as susceptibility markers, clinically, for gastric cancer. (J Korean Surg Soc 2010;79:27---34)
INTRODUCTION

1) Gene polymorphism
The venous blood was collected from the subjects in both groups. The DNA was extracted from the lymphocytes using a DNA extraction kit (QIAmp Ⓡ DNA Mini Kit, QIAGEN Inc., Hilden, Germany). The extracted DNA was standardized to 100 ng and 1μl was used with 1 pmol of the primer 10 mM of dNTP, 0.5 units of Taq DNA polymerase and 2μl of 10× PCR buffer solution (100 mM Tris-HCl, 500 mM KCl, 15 mM MgCl 2 ); a total mixture of 20μl was used for the PCR. The T-1 Thermoblock PCR machine (Biometra, Germany) was used for PCR. 
2) Statistic analysis
The analysis was performed according to each of the gene genotypes, and only the combined status was inputted into the multivariate analysis. The results of the continuous variables are expressed as means±standard deviation (SD).
Univariate statistical analysis was performed using Chisquare or Fisher's exact test for the categorical variables, and the binary logistic regression method was used for the multivariate analysis. Statistical analyses were performed using SPSS software (Ver. 13.0) and a P-value＜0.05 was considered to indicate a statistically significant difference with a 95% confidence interval (95% CI). The mutant genotype (2R/3R and 3R/3R) was present at a significantly higher rate in the gastric cancer group as compared to that of the control group (P=0.008) ( Table 2 ).
The multivariate analysis result for the susceptibility to gastric cancer is shown in Table 3 . First, for the MTHFR gene genotypes, the subjects with the mutant type had However, we don't have the data for folate intake in this study, and further study is necessary about this point for clarification.
The TS is located on the short arm of the 18th chromosome, and is a folate-dependent enzyme that plays an important role in the biosynthesis of thymidylate, which is an important precursor nucleotide for de novo DNA synthesis.
Once MTHF becomes dihydrofolate, it induces the transfer of a methyl group, and converts dUMP to dTMP in DNA synthesis. It was reported that the expression of the TS gene with 2R was 3.6-fold lower than that of 3R, and the TS mRNA level in the 2R/2R genotype was 3.6-fold lower than that of the 3R/3R genotype in the cancer tissue. (11, 22) In our study, the 2R/3R and 3R/3R genotypes were found more frequently in the gastric cancer group with significance, and the heterozygote and homozygote TS mutant group had only relatively higher susceptibility to gastric cancer as compared with that of the normal population with significance (RR=3.033 in 2R/3R, RR=3.317 in 3R/3R). However, it was reported that there was few limi- The TS is a key enzyme in the nucleotide synthesis that catalyzes the methylation of dUMP by 5,10-MTHF as a cofactor, and a correlation of genetic polymorphism between the two genes could be existed. Therefore, we postulate that the combination of both genomic polymorphisms could be increased the susceptibility to gastric cancer, and we eval- However, this study has some limitations. There were significant differences in age and gender between the groups because this study was designed as case-control study, and the basic mutation rate in both groups was higher compared to previously reported results. We think that the dissimilarity of mutation rate has been resulted from the difference of diet by regional, but this correlation should be confirmed in the next.
In conclusion, this study shows a significant association between the MTHFR and TS polymorphism and the susceptibility to gastric cancer, and provides a genetic basis for this relationship. Moreover, MTHFR and TS polymorphisms could be used as genetic marker under a specific dietary (folate) environment. In addition, a large scale patient-control cohort study is needed to confirm the biological function that involves such ethnic and geographical aspects.
